INTRODUCTION
The in vitro study of maize pollen grains viability can provide relevant information on the best day and time of the day for pollen collection. Thus, it might help to improve the efficiency of plant breeding, and provide information on possible storage conditions that allow future pollen usage in the field.
Pollen viability is a well-known parameter for the assessment of plant male fertility. It is frequently used with stored pollen in order to ensure successful fertilization and enable breeding between economically valuable genotypes that blossom in different seasons (SOARES et al., 2011) .
Pollen viability can be affected by several factors, such as handling of pollen during collection, tassel maturation stage, and external conditions like temperature and air humidity. According to ALMEIDA et al. (2002) , recently formed pollen grains have higher viability than mature pollen. In addition, temperatures above 35°C and water stress can also have a negative impact on pollen production (MAGALHÃES & DURÃES, 2006) . LUNA et al. (2001) observed that, within a temperature range of 28 to 30°C and relative humidity above 53%, maize pollen remained viable for 2 hours. According to the authors, pollen viability decreased from 6 hours after anthesis, and only a very small percentage of pollen germinated after 1 to 3 days.
Several methods can be employed to assess pollen viability, such as the staining test with chemical dyes and in vitro and in vivo germination tests. The success of these methods depends on factors like the plant species and cultivar, plant nutritional status, season, time of the day, collection method, photoperiod, temperature, incubation period, and presence of micro and macronutrients in the culture medium (KAKANI et al., 2002; KAKANI et al., 2005; SOARES et al., 2008; CHAGAS et al., 2010; SINIMBÚ NETO et al., 2011) . Several authors have used such methods to study pollen viability in maize (BARNABÁS et al., 1988; ALMEIDA et al., 2002; AYLOR, 2004 , FERREIRA et al., 2007 , DAVIDE et al., 2009 .
In the present study, we aimed to assess the in vitro viability of pollen grains collected from different maize cultivars, at different days and time points.
MATERIALS AND METHODS
The experiment was carried out in the experimental field of the Faculdade de Ciências Agrárias of the Universidade Federal da Grande Dourados (UFGD), in Dourados city, Mato Grosso do Sul state, Brazil, at the approximate coordinates 22º13'15"S and 54º48'21''W, at 430m altitude. Four maize cultivars with different agronomic traits were used: the variety Sol da Manhã, the simple hybrid XB 6012, and the double hybrids XB 8010 and BRS 2020. These genotypes were sowed thrice every seven days with no statistical design, to ensure the collection of the amount of pollen required for laboratory analyses. For each genotype, three lines 10m in length were sowed with spacing of 0.9m between lines and 0.25m between plants. In each sowing, 400kg ha -1 of the 8(N):28(P 2 O 5 ):16(K 2 O) formulation were used. The other cultivation practices were carried out following the usual recommendations for the maize crop.
During anthesis, temperature, relative humidity and precipitation were measured (Figure 1 ). Pollen grains from 10 plants of each genotype were collected from the second to the fifth day of anthesis, at three different times: 08:00h, 10:00h and 12:00h. For pollen collection, maize tassels were covered with impermeable Kraft paper and gently shaken to release the grains, after which samples were sifted to remove anthers. Then, 1.0mL of pollen from each of the 10 plants of each cultivar was collected in 1.5mL microtubes and immediately taken to the laboratory for the in vitro viability analysis.
Pollen viability was analyzed for the ability of grains to germinate in vitro in both liquid and solid culture media, and for tetrazolium stain ability. Both culture media were composed of 10% sucrose, 0.03% boric acid, and 0.15% calcium chloride, but the solid one was supplemented with 1.2% agar (FERREIRA et al., 2007 , DAVIDE et al., 2009 .
Germination of viable pollen in culture media was observed in an optical microscope under 10xmagnification. Four microscopic fields were observed, corresponding to four replicates. Pollen grains were considered germinated when the length of pollen tubes exceeded grain diameter.
For the analysis of pollen viability by the tetrazolium test, 5mL of 0.75% 2,3,5-triphenyltetrazolium chloride were added to 0.05mL of fresh pollen grains in a microtube, which was then covered with aluminium foil and placed in an BOD incubator at 25°C for 1h. After thein cubation period, pollen viability was analyzed by observing the staining of pollen mass in an optical microscope under a10x magnification. Four microscopic fields were observed, corresponding to four replicates. Pollen grains with a red staining were considered viable, whereas colorless pollen was considered unviable.
Experimental design of the laboratory analyses was completely randomized in subsubdivided plots, with 48 treatments and four replicates. Plots consisted of the four maize cultivars, while subplots consisted of the four days and three time points of pollen collection. The analyzedfeature was the in vitro viability of pollen grains.
Data were transformed to the arcsine √% of viable pollen grains. Analysis of variance and Scott and Knott (1974) cluster analysis at 5% probability were performed using statistical software ASSISTAT 7.7 (SILVA, 2013). Means of the quantitative variables (percentage of viable pollen grains) were also subjected to linear regression analysis.
RESULTS AND DISCUSSION
Significant differences in the viability of maize pollen grains were detected among cultivars, days of anthesis, and times of day (Table 1 ). The double hybrids XB 8010 and BRS 2020 showed higher pollen viability than variety Sol da Manhã and the simple hybrid XB 6012 (Table 1) . Pollen from XB 8010 and BRS 2020 showed viability values of 33.70% and 34.36%, respectively, in liquid culture medium; 25.71% and 30.16%, respectively, in solid culture medium; and 45.21% and 48.38%, respectively, in the tetrazolium staining test.
The viability of pollen grains evaluated in liquid and solid culture media was similar to those reported in other studies (FERREIRA et al., 2007; DAVIDE et al., 2009) . A relative humidity lower than 53%, showing drastically reduced pollen grain viability (LUNA et al., 2001) , which occurred in our study from the third day of pollen collection.
The time of day of pollen collection also influenced maize pollen viability. Pollen grains collected at 10:00h, when temperature and relative humidity were approximately 28.6°C and 56.25%; respectively, were more viable than pollen collected at 08:00h and 12:00h, when temperature ranged between 23.6 and 31.4°C and relative humidity ranged between 72.25% and 42.5%, respectively (data not shown). At 12:00h, mean pollen viability was the lowest. The most favorable climatic conditions for pollen viability probably occurred between 8:00 and 10:00h, when there was no excess of humidity in maize tassels and temperature was mild. These results are similar to those obtained by FERREIRA et al. (2007) , who analyzed three different collection time points (09:00h, 14:00h, and 16:00h) and observed the highest germination rate at 09:00h and the lowest at 16:00h.
High temperatures, usually observed from noon to late afternoon, can reduce the in vitro viability of pollen grains. KAKANI et al. (2005) , for instance, reported that high temperatures during anthesis might lead to failure in pollination and/or fertilization, which results in reduced viability.
Regardless of the test used, the second day of pollen collection showed the highest percentage of pollen viability: 35.93% in liquid culture medium, 31.80% in solid culture medium, and 49.01% in the tetrazolium staining test (Table 1) . These values indicated that the third day after the onset of anthesis is the best day to collect viable maize pollen. 1 Means followed by the same letters in a column do not differ by the Scott-Knott test at 5% probability. ** Significant at 1% probability by the F test.
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The viability of maize pollen grains was strongly influenced by the genotype and environmental conditions (Figures 1, 2, 3 and 4) . The response of each cultivar to the different days and time points of collection can be observed in figures 2, 3, and 4. The genotype had a strong influence on the viability of maize pollen grains, but depending on the environmental conditions each cultivar showed different viability results.
When pollen was collected at 08:00h, XB 8010 and Sol da Manhã cultivars showed the best in vitro viability rates in solid culture medium (approximately 45%), peaking in the second day of anthesis. The BRS 2020 cultivar showed values of approximately 40% in the first day, whereas XB 6012 showed a viability rate of 35% between the second and third days of anthesis (Figure 2 ). When cultured in liquid medium, pollen from XB 6012, XB 8010, and BRS 2020 showed the maximum values of viability, of approximately 45%. This value was obtained between the first and second days of anthesis for XB 8010 and BRS 2020, and in the second day of anthesis for XB 6012. Pollen from Sol da Manhã; conversely, showed maximum values of approximately 40% between the first and second days of anthesis. In the tetrazolium staining test, pollen from BRS 2020 showed the highest viability, with values approaching 70% between the first and second days of anthesis, followed by XB 6012 and Sol da Manhã, with 65% and 60% viability, respectively. In this test, pollen from XB 8010 showed the highest viability values in the first and second days of anthesis. The coefficients of determination (R 2 ) for most functions approached 1, showing that the models we used were adequate to analyze the results from the cultivars.
Viability of pollen from BRS 2020 collected at 10:00h and cultured in solid medium was not significant and had a low coefficient of determination (R 2 =0.21), suggesting that differences in pollen viability cannot be fully explained by the variations among the collection days (Figure 3) . In contrast, pollen collected from the other cultivars had high coefficients of determination. XB 8010 showed the highest germination rates (approximately 40%) between the third and fourth day of anthesis, while XB 6012 and Sol da Manhã showed 35% pollen viability in the second day. When cultured in liquid medium, pollen from Sol da Manhã had the highest rates among all cultivars, with viability values exceeding 55% at the second day of anthesis, followed by XB 8010, with 50% on the third day. Pollen from XB 6012 had a low coefficient of determination (R 2 =0.42), with little variation among the days of anthesis: 30% of viable pollen on the first day and approximately 40% on the fourth day.
Data on the tetrazolium test with pollen from all cultivars adequately fit their respective models. While Sol da Manhã and XB 8010 showed similar trends, with pollen viability peaking on the third day of collection with values above 60%, BRS 2020 and XB 6012 showed 60% and 50% pollen viability; respectively, on the second day, with a decrease on the third day and a slight increase on the fourth.
Finally, at the last time point (12:00h), a low curve fitting was observed for pollen from Sol da Manhã cultured in solid medium (R 2 =0.24) and for pollen from XB 6012 cultured in liquid medium (R 2 =0.32), in both of which viability did not vary significantly across the days of anthesis (Figure 4 ). At 12:00h, the double hybrid BRS 2020 showed up to 15% higher pollen viability than the other cultivars, in both culture media and in the staining test. Notably, pollen from Sol da Manhã and XB 6012 collected at 12:00h. were less viable when compared to BRS 2020, showing that pollen collection at this time is not recommended for those two cultivars.
Sol da Manhã and XB 6012 showed higher viability for pollen collected at 08:00h, when compared to the other time points, regardless of the culture medium. XB 8010, conversely, showed higher viability for pollen collected at 10:00h. It thus seems reasonable to suggest that differences in tassel morphology of the maize cultivars might influence pollen grain viability. Thereby, tassels with higher angles of insertion between the rachis and lateral branches would have higher rates of pollen dehiscence since earlier in the day, as observed in Sol da Manhã and XB 6012 cultivars. Our results corroborate those observed in previous studies on different crops, including maize (LUNA et al., 2001; ALMEIDA et al., 2002; BURKE et al., 2004; KAKANI et al., 2002; KAKANI et al., 2005; FERREIRA et al., 2007; DAVIDE et al., 2009; NOGUEIRA et al., 2010) . Such studies reported differences in the in vitro pollen viability among cultivars, as well as the effects of temperature, relative humidity, and evaluation methods on the in vitro and in vivo pollen viability.
Although no statistical comparison was performed between the different viability tests, it was observed higher mean percentages of in vitro pollen viability in the tetrazolium staining test than in the culture in solid or liquid medium. Regardless, all tests used in our study provided relevant data to distinguish between different maize cultivars and identify the influence of different collection days and times on pollen viability. Our results supported the importance of evaluating pollen viability in maize cultivars from which pollen is to be collected and stored for future use.
CONCLUSION
Between 08:00h and 10:00h of the third day of anthesis is the best period for collection of maize pollen, as it is when pollen grains have the highest viability.
